ARE No. LklX)3 



NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 



WARTIME REPORT 

ORIGINALLY ISSUED 

April l^kh as 
Advance Restricted Report L4D03 

WUro-TLMNEL INVESTIGATION OF CONTROL -SURFACE CHARACTERISTICS 
XYI - PRESSURE DISTRIBUTION OVER AN NACA OOO9 AIRFOIL WITH 
0.30-AraFOIL-CHORr) BEVELED-TRALLING-EDOE FLAPS 
By H. Page Hoggard^ Jr., and Marjorie E. Bulloch 



Langley Memorial Aeronautical La"boratory 
Langley Field, Va. 



WASHINGTON 

NACA WARTIME REPORTS are reprints of papers originally issued to provide rapid distribution of 
advance research results to an authorized group requiring them for the war effort. They were pre- 
viously held under a security status but are now unclassified. Some of these reports were not tech- 
nically edited. All have been reproduced without change in order to expedite genersd distribution. 




L - 205 



NATIONAL AD-/ISOHY COWilTTES FOR AERONAUTICS 



ADVANCE R'^STRTCTFD REPORT ^•^0. iJxDOJ 



WriD-TUilNEL IN^STIGATION 0? CONTROL- SURFACE CHARACTERISTICS 
XVI - PRESSURE DISTRIBUTION OWR AN NACA 0009 AIRFOIL WITH 
0.50-AIRF0IL-CR0RD EE VELSD-TRA ILIRG-SDGE FLAPS 
By H, Page Hoggard, Jr., and Marjorie E. Bulloch 



SUittlARY 



Pressure-distribution tests have been made in the 
NACA 4- by 6-foot vertical timnel of a plain flap v\fith 
Interchangeable beveled trailing edges on an 
NACA 0009 airfoil. The flap chord was 50 percent of the 
airfoil chord and the bevel chords were I5 and 20 percent 
of the flap chord. The 15-percent bevel was tested with 
the bevel corner faired with both large and small radii. 
The purpose of these tests was to supply pressure- 
distribution data that may be used for structural and 
aerodynamic design of horizontal and vertical tail sur- 
faces. 

The results are presented as diagrams of resultant 
pressure coefficients and of Increments of resultant 
pressure coefficient for the airfoil with the flap h?.ving 
beveled trailing edges. The diagrams are presented for 
the control surface with the gap at the flap nose sealed 
and unsealed. 

A comparison of the beveled-flap pressure data v/ith 
plain-flap data indicated that the addition of a bevel 
reduced the pressures over the entire airfoil, including 
the peak at the airfoil nose, and caused a reversal of 
pressure over the beveled part of the flap. The 
normal-force coofficient for the be veled- trailing-edge 
flap v/as less than the coefficient for the plain-airfoil- 
contour flap. The open gap produced a tendency toward 
overbalance by dccrvjasing the negative pressures over 
the upper surface of a flap when deflected downward. 
The results generally were in fair agreement with force- 
test data previously published. 
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INTRODUCTION 



The National Advisory Committee for Aeronautics has 
instituted an extensive investigation of the aerodyn^unic 
characteristics of various control surfaces. The force- 
test data from this investigation have been summarized in 
reference !• The tv;o-dlmenslonal pressure-distribution 
data obtained as part of the investigation have been 
analyzed and the variation with flap chord of the various 
aerodynamic charac tori sties of a flap has teen presented 
in reference 2. 

Two-dimensional force tests have been previously run 
cn a similar model of an IIACA OOC9 airfoil with several 
beveled trailing ed3es; the results of these tests are 
presented in reference 5 (^^Iso ciommarized in reference 1) 
From the results of these force tests of trailing-edge 
Shanes having various included tralling-edge angles and 
other airfoil tests, a method based on the included angle 
at the trailing edge has been fovjid for predicting the 
values of hinge-moment parameters to be expected from a 
bevel • This correlation can be found in figure I50 of 
reference 1^ 

The two-dimensional-flow tests presented herein were 
m.ade to investigate the pressure acting on a control sur- 
face with a beveled trailing edge. Such data should be 
valuable for structural design of the control surfaces, 
for explanation of the balancing action of the bevel, 
and for study of boundary-layer conditions c The Irvesti 
gation 'was made at all angles of attack and flap deflec- 
tions considered necessary for the structui'al design of 
ailerons, elevators, and rudders. 



SYMBOLS 



^f 



flap chord re-irv^ard of flap hinge axis, percent 
airfoil chord 



0 



chord of basic airfoil v/ith flap neutral 



d;^/namic pressure of free air stream 



P 



pressure coef f ic lent 
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Pj:^ resultant presa-ure ooefflcient 

APr{ increment of resulti^nt pressure coefficient 

p static oressure at a point on airfoil 

p^ static pressure in free air stream 

Qq angle of attack for infinite aspect ratio 

5f flap deflection 

M Mach number, ratio of local velocitjr to speed of 

s ound 

c^ airfoil section normal-force coefficient (n/qc) 

airfoil section pi tching-moment coefficient 
about quarter-chord point of airfoil (m/qc^^) 

Cj^^ flap socticn normal-force coefficient (^^fA^f) 

^h^ flap section hinge -m.oment coefficient (hf/qc^-'^^ 

n normal force of airfoil section per unit span 

m pitching moment of airfoil section about quarter- 

chord point per unit span 

rif normal force of flap section per unit span 

hf hinge moment of flap section per unit span 



^n 



a 



Cn 




o^free 



- a \ oa^ , 
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■^6 



a 





a 




o 



The subscripts ou-hside the parentheses indicate the 
factors held constant durlnf^ the meas-arement of the 
parameter. 

Subscripts : 

TJ point on upper su.rface 

L point on lov;er surface 

R resultant 

APPARATUS AND :,!0D5L3 



The tests were made in the NACA L\.- by £-foot vertical 
tunnel. The test section of this t^annel has been con- 
verted from the original open, circular, 5"- oot-diame ter 
let (reference ]|.) to a closed rectangular by 6-foot 
test section, as shov/n in figure 1. The model completely 
spanned the test secbion; therefore, tvi^o-dimensional flow 
was approximated. 
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The model used for the pressure-dls trlbtition tests 
of th's investlrration v/as designed to be an exact copy of 
the model used for the force tests In reference 5 t)T^t 
v;ith only the 0.15cf and 0.20cf be veled- tral.ling-edge 
shapes. ' The 0.15cf bevel was tested with the bevel 
corner faired with both large and sraall radii. The 
2-foot-chord model was made of laminated mahogany to the 
modified NACA OOOQ profile (table I). The airfoil was 
eouioped with a 0.50c plain fl.ap, as shown in figure 2(a). 
A gap of 0.005c was provided at the flap nose. The flap 
was constructed with' interchangeable blocks that formed a 
beveled trailing edge and a thickened profile, as shown 
in figure 5 of reference 5. 

A single chordwise row of pressure orifices was ^ 
built into the upper and lower surfaces of the airfoil 
and flap at the midspan locationo The orifice loca- 
tions are presented in figure 2(b) in percent of airfoil 
chord from the leading edge. The copper tubes from the 
pressure orifices were brought out of the model at one 
end through the torque tube and the tunnel v/all to a 
multiple-tube, open-faced manometer. Readings v/ere 
recorded by a camera. 



TESTS 



All of the tests, except those with large flap de- 
flection and high r)ositive angle of attack (flap deflec- 
tion, 50° and 45°; angle of attack, li+.J^ and 19-5°) were 
run at an average d-^/namic nresnure of 15 pounds per 
square foot. The large flap deflections at high positive 
angles of attack required more power than was available to 
maintain a dynamic pressure of I5 poijnds per square foot; 
therefore, these tests were run at an average dynamic 
pressure of 12 pounds per square foot. The airspeed in 
the test section at d:/namic pressures of 15 and 12 pounds 
per square foot is about 76 and 69 miles per hour, respec- 
tively, at standard sea-level conditions. The corre- 
sponding values of effective I^e:niolds number are 
2,760,000 and 2,208,000. (Effective heynolds num- 
ber = Test Re-^molds number x Turbulence factor; the turbu- 
lence factor of the IIACA ij.- by 6-foot vertical tunnel is 
1.95. ) 

The tests were made at angles of attack ranging from 
-20° to 20° at intervals of 5° 'and at angles giving maxi- 
mum positive and negative lift. It may be noted that all 



6 



HACA ARR No, Llj-DOJ 



angles of attack are offset from the exact values of 
QO, 50^ 10^, IS^, and 20^ by -O.70 owing to an error 
in setting the zero angle of attack. This error was 
found to be consistent throughout the tests and the data 
v/ere corrected accordingly. The model v/as tested with 
the O.JOc T)lain flap deflected 0^/ 1^, 2^ , ^q^, 
150, 20^, 250, 50^, and [^5^. ^jhe tests were run with 
the flap gap both open (0.005c gap) and sealed with 
plasticine. During the tests v^ith 50^ and [\!^^ flap 
deflection, pressure orifice I5 for the lower surface 
(fig. 2(b)) was sealed because its position at both 
large flap deflections v/as inside the gap. 

Check tests were made for each flap deflection as 
an indication of the accuracy of the test results. 
Y;hen the 0.005c gap was used, the check tests were made 
after both angle of attack and flap deflection had been 
reset. The sealed-gap check tests had only the angle 
of attack reset, because the plasticine seal would have 
to be re faired if the flap deflection were changed. 

The speed of the tunnel was maintained at the test 
value of q for approximately 2 minutes before readings 
were recorded in order to allow the alcohol in the 
manometer tubes to reach the correct height. 



RESULTS 

Presentation of Data 

The results of the pressure-distribution tests are 
given in the form of diagrams of resultant pressures v/ith 
flap neutral and resultant-pressure increments caused by 
varying the flap deflection. The resultant pressures and 
increments of resultant pressure are presented for the 
various bevel and gap combinations and for various angles 
of attack in figures $ to 10. The resultant normal 
pressure at any point along the chord of the airfoil was 
determined by taking the algebraic difference of the 
pressures normal to the upper and lower surfaces of the 
airfoil at that point. All diagrams of resultant pres- 
sures or resultant-pressure increments of the airfoil 
and flap combinations are plotted as pressure coeffi- 
cient Pp or as aPj,. The resultant pressure coeffi- 
cient is 'defined aa 
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where 

Pit - ?o 

" — — 

q 



P pressure coefficient 

p static pressu'':*e at a point on airfoil 

p^ static pressure in free air stream 

q dynaiiic pressure of free air stream 

and the subscripts 

U upper surface 

L lower surface 

R resultant 

The resultant-pressure diagram for any condition may 
be obtained by adding the distribution at a given angle 
of attac!<: and^ the distribution at a given flap deflection. 
A comparison of resultant-pressure distributions over the 
bevel" juncture with large and small radii is presented in 
figure 11 at several angles of attack and flap deflec- 
tions • 



Pressure distributions for the upper and lower sur- 
faces of the flap having a 0.15Cf bevel with sealed gap 
are presented in figure 12 for various angles of attack 
and flap deflections. The rosultant pressures over the 
NACA OCOQ airfoil with O.JOc plain flap and sealed gap 
(reference 5) are compared with the I'esultant pressures 
over the modified airfoil with OolScf-bevel flap in 
figure 1$. Figure llj. presents upper- and lower-surface 
pressures over the plain flap and the 0 .15c£»-be vel flap 
for the same conditions for which resultant pressures 
are given in figure 15- 

The rates of change of pressure coefficient with 
angle of attack and with flap deflection are presented for 
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the var3.ous bevel and gap combinations in figures I5 
to 18 for convenience in calculating distributions at 
small values of and Q-f-. The flap section normal- 

force coefficient as a function of flap deflection is 
presented for all combinations of bevel and gap in 
figures I9 and 20 at several angles of attack. Com- 
plete chords ise pressure distributions for various 
combinations of Qq and Of that might occur on the 
horizontal tail of a dive bomber in highly accelerated 
maneuvers at various w^.peeds are presented in figure 21 
for the 0. 15 Cf -bevel flap v/ith sealed gap. 

The section aerodynamic coefficients of the airfoil 
and flap are presented as functions of angle of attack 
for all bevel and gap combinations in figures 22 to 211.. 
The coefficients were obtained in each case by mechanical 
integration of the original pressure diagrams. 

The narameter values for beveled flaps are pre- 
sented in table II along v/ith values for the plain- 
airfoil-contour flap for convenient comparison. The 
plain-flap param.eter values were obtained from refer- 
ences 1 and 6 . 



Precision 

The angles of attack are believed accurate within 
±0.1^. riap deflections are believed accurate within 

iO.2^. Plotted values of pressure coefficient P are 
correct v/ithin ±2 percent except for peaks at the 
leading edge and flap hinge axis or for stalled con- 
ditions . 

Coefficient values calculated from check test points 
have been plotted in figures I9 and 22 and are designated 
by flagged symbols. Many of the points come within the 
accuracy of the plot; others vary a negligible amount. 
The accuracy of the corrected zero angle of attack is 
indicated by the deviation from zero of lift and momxcnt 
coefficients at zero angle of attack. P'rom figures 19 
and 22, it appears that the maximam error in setting the 
angle of attack at zero lift is 0,2^. This discrepancy 
may be caused by flow misalinem^ent in the tunnel or by an 
asymmetrical model. 

Two-dimensional flow having been approximated, the 
results may be considered as section characteristics. 
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Experimental tunnel corrections were applied only to the 
airfoil section normal-force coefficient cn- Although 
no corrections were made for the other coefficients, the 
tunnel values are believed to be higher than the free-air 
values and hence are on the conservative side for struc- 
tural purposes. The magnitude of the airfoil resultant 
pressure coefficients as re-oresented in the resultant- 
pressure diagrams (figs. 5 to 10) is known to be too large 
by about 7 nercent because these curves were nlotted^ 
directly from manometer records without the application 
of the experimental tunnel correction, which allows for 
the increase in lift produced by tunnel-wall interference. 



DISCUS3IGN 

Re s ul t an t - F r e s s ur e Di s t r ib ut i on 

The resultant-pressure diagrams should prove useful 
in determining loading conditions for the structural 
design of ailerons and horizontal and vertical control 
surfaces. Tests have indicated that the increments of 
pressure and the increments of section aerod^Tiamic 
coefficients caused by flap deflection are approximately 
indepencient of the airfoil section for airfoils of 
approximately the same maximum thickness and thickness 
distribution (references 7 and 8), It is therefore 
believed that, for structural design, the incremental 
data presented herein may be applied to other basic 
sections of approximately the same thickness and thick- 
ness distribution. The increm.ents of the section aero- 
dynamic coefficients may be taken from figures 22 to 2L\. 
by using the flap-neutral curve as a reference line. 

Prom, a studv of the incremental-resultant-pressure 
curves for the stalled conditions ( = 19*5^ and -20. 7^) 
for both bevel chords and gap conditions (figs. I}., 6, 8, 
and 10), it anpears that the bevel continues to reduce 
the flap hinge moment in the stalled ccnditiop. from the 
hinge mom.ent for a plain flap under the same conditions. 
The tests of beveled elevators on the fuselage of a 
typical pursuit airplane also indicated that the bevel 
was effective in the stalled attitude and reduced the 
floating angle of the elevators by about 10^ (reference 9) 
from the angle at which airfoil-contour elevators would 
float. The resultant-pressure curves (figs. 5 to 10), 
especially for the 0.005c gap, show a tendency toward a 
decrease of resultant pressure over the main airfoil just 
ahead of the flap. 
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The results indicate that the size of the radius at 
the bevel juncture is relatively unimportant in its 
effect on the loads ovar a be velad-trailing-edge flap 

(fie- 11). 

pressure Distribution over Upper and Lov;er 

Surfaces of Reveled Flap 

The distributions presented at various angles of 
attack and flap deflections in figure 12 indicate that 
only on the surface of the flap which is deflected 
against the relative wind does the bevel affect the 
pressure distribution to any great extent • The only 
exceptions occur at low angles of attack and small flap 
deflections, for which the upper- and lower- surface 
distributions show nearly equal effect of bevel. The 
pressure distribution on the side away from the rela- 
tive wind, when at large angles of attack or flap deflec- 
tion, resembles that of a flap and tab in a stalled 
condition* 

It will be noticed in figure 13 that the resultant- 
pressure peak at the flap hinge axis is higher for the 
beveled flap with the O.CO5C gap than for the beveled 
flap vvith the sealed gap. Inasmuch as the resultant 
pressure is the algebraic difference of the upper- and 
lower-surface pressures at any point, the positive peak 
on the lower surface makes the resultant-pressure peak 
higher. (See fig. ih,.) 

The pressure distribiition produced over the upper 
and lower surfaces of a flap by a beveled trailing edge 
is compared with the pressures over a plain flap in 
f igure* llj.. The effect on the pressure distribution of 
the bevel on the surface deflected against the relative 
wind is more pronotinced when the gap is open. The main 
effect of the open gap on the flan pressure distribution 
ar)pears to be the decrease in magnitude of the negative 
pressures over the upper surface of the flap, which 
results in a tendency tov/ard lower or even overbalanced 
hinge moments. 



Curves of P^^ and Pg 

For convenience in calculating the pressure distri 
butions over both surfaces for small values of 
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and 6f, the cur^'-es of Pa and P5 v;ere calculated and 
are presented in figures 15 to 18. From the experi- 
mental data, it \vas found impossible to predict with any 
degree of accuracy the variation of pressure with angle 
of attack over the nose of the airfoil because the 
stagnation point moves considerably and the pressures 
change rabidly and are not linear with angle of attack. 
The variation of pressure with angle of attack over the 
rest of the airfoil ar)peared from these tests to remain 
a linear variation only from 0^ to 5^; therefore, the 
Pa-curves should not be used for calculating pressures 

beyond a value of Gq of 5^- 

The variation of pressure with flap deflection for 
any point on the airfoil contour appeared from these 
tests to be linear to 5^. The Pg-curves therefore 
should not be used fo:^ flan deflections greater than 5^. 
The final pressure distribution required is found by 
multiplying the values of Pq and P5 by the values 
of Gq and 5f for which the distribution is desired 
and adding algebraically to the basic distribution 
(P at = 6f = C^) given in the lower part of fig- 

ures 15 to 18. 



Flap Section Ncrmal-Porce Coefficient 

For all combinations of bevel and gan tested, the 
values of Cn-f> v/ere srixaller than for the plain flap with 

sealed gap at the same angles of attack. The values 
of Cnjp^ and c^^^ for beveled and plain flap may be 

conveniently compared in table .IT. The variation 
of as a function of angle of attack is clearly 

shown in figures I9 and 20. The effect of a is small 
at Of = 2S^ with the gap open and at 6f - 20^ with 

the •'^ar sealed. 



Pressure Distribution on Horizontal Tail For 
Highly Accelerated Maneuvers 

The flight condition during which high structural 
loads and the formation of a coiapression shock on the 
horizontal tail are most likely to occur is a highly 
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accelerated maneuver in which the horizontal tail is 
operating at a high anf^le of attack at high speed. The 
pressure data presented herein are not applicable to 
tail de33p:n for hip-h-speed flight unless they are cor- 
rocted for the variation of pressure with Mach nuinber. 



which is i3-iven aoprcximately by the relation l/vl - 
Theoretical variations of pressure with Mach number are 
compared with exoerimental pressure-distribution data at 
various Mach numbers in reference IG, The pressure 
distribution^, presented in figure 21 at angles of attack 
of -0,7^^ 5 •7'^, ^ii'i'- 10.?^ and with flap deflections 
of 0^', -5^, -10^, and -l^^ are test data that cover the 
highly accelerated maneuvers estimated from unpublished 
dive-bomber test data. 

Aerodynamic Gecti on Characteristics 

Normal - force coefficien t.- The force -tost lift data 
of reference $ are given in terms of section lift 
coefficient whereas^the pressure-distribution data are 
given in termn of normal-force coefficient. Inasmuch as 
the lift coefficient and normal-force coefficient have 
nearly the same value, ;:his value is referred to as ''lift" 
in the following discussion. 

The slone of the lift curve 1 from table II 

for the airfoil with O.l^Cf beveled trailing edge and 

sealed gap is C.038 as compared with 0^091 from the 
force-test data in refe"^ence 3. These results are in 
fair agreem.ent if account is taken of the fact that 
different models and methods of calculation were used for 
the force and pressure tests. 

The lift-curve slopes from the force and pressure 
tests for the 0.20cf^ bevel with sealed gap. have the same 
value, 0.092. For the open gap the lift- curve slopes 
from, the force and pressure tests are, respectively, 
0.088 and 0.087 (table TI and reference 1). The lift- 
curve slopes obtained f:^^omi the pressure-distribution tests 
appear to' check very well v;ith the force-test results. 
Opening the gap appeared to change the angle of attack at 
which the stall occurred by about 1^. This angle of 
attack, approximately ±12^ with flap neutral, was not 
affected by bevel chord. 
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The values of lift effectiveness I r— I given in 



table II were taken at zero lift and show the expected 
decrease in effectiveness as a result of the beveled 
trailing edge. The small radius on the bevel jmcture 
increased Chq^ about 0.003 for open and sealed gap when 
compared with the lift-curve slope for the large-radius 
bevel. Reducing the radius at the bevel jimcture 
decreased the effectiveness from -0,56 to -0.52. 

The parameter c^^ (table II) is a measure of 

^free 

control-free stability only at = 6f = 0°. The 
values in table II indicate the oxpBcted tendency of the 
beveled flap to float upward at a sm.'^^ller angle than the 
plain flap, 

A method for estim.atlng the pre3sure distribution 
(and normal force) over a bevel from available tab 
pressvire-distrlbution data is given in the appendix. 
The results of this method are illusti'ated and a com- 
parison is made in figure 25, at several angles of attack 
and flap deflections, between actual and estimated pres- 
sure distributions for a 0.20of bevel with sealed gap 

and an included angle at the trailing edge of 25°. 

• Flap hinge-moment coefficient ,- The values of c^^^ 

(table II) were taken over the linear part of the hinge- 
moment curve, v/hich was over a small range (±5°) for 
the 0,005c-gaD tests and a larger range (±10°) for the 
sealed-gap tests (figs. 2Z and 21+) . The values of Ch^^ 

(table II) were taken from 5i- = 0° to 5f = 5" because 
the curve appeared linear over this range. For a com- 
plete picture of the effect of various bevel and gap com- 
binations, all the hinge-mcmenc curves (figs. 22 to 21^.) 
must be taken into consideration and too much reliance 
should not be placed on the slope values measured over a 
small part of each cixrve, except for stick-free stability 
calculations . 

The values of chf. end chf. as found for the 

-■^a ■'•5 

0.15cf and 0.20cf bevels with sealed gap are in fair 
agreement with the values of reference 3. Values of both 
hinge-moment parameters for the 0.20c bevel with 0.005c gap 
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v/ere road from the curves In figure Ii.9 of reference 1 and 
'Neve found to be in fairly close agreement. The values 
of chr> and chrv for ooth bevel chords were found 

to fall near the correlation curve of f i gu"^e 15O in 
reference 1 v'ith less scatter than the ^.verage scatter 
of the correlation points. 

Prom the values of hinge-moment parameters in 
table II it anpears bhat decreasing the radius at the 
bevel juncture tends to decrease the negative values 
of ^hfg ^'or both gap condition?^. Decreasing the 

radius had no effect on the value of cj-^ when the gap 

was open but decreased the positive value when the gap 
was sealed. 

Pit ching -momo n t c c e f f i c i en t . - The slopes of the 

curves of pi tching -moment coefficient as a function of 
lift coefficient at a constant angle of attack and at a 
constant flap deflection are giv^n in table II. The 
aerod:mamic center of additional lift caused by varying 
the angle of attack generally was located at approxi- 
mately the 0.22g station for the sealed-gap tests and the 
0.21c station for the O.OO^c-gap tests* The bevel chord 
had little effect on the location of this aerod^mamic 
center. 

The aerod-.niar:iic center at v/hich the lift produced by 
flap deflection may be considered to act is located at 
anproximately the O.lilc station for either gap condition. 
All aerodynamic-center locations for the gap-sealed condi- 
tion are in fair agreement with the values presented in 
reference 5» 



C0KCLU3I0KS 



Pressure-distribution tests have been m.ade in the 
NACA by 6-foot vertical tunnel of a plain flap with 
interchangeable- beveled trailing edges on an 
NACA 0009 airfoil. The flap chord was $0 percent of the 
airfoil chord and the bevel chords were 1^ and 20 percent 
of the flap chord. The results of these tests indicated 
the following conclusions: 
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At a given angle of attack and flap deflection, 
the addition of a bevel reduced the resultant pressures 
over the entire airfoil, except for the pressure at the 
flap hinge axis, including the peak at the airfoil nose, 
and caused a reversal of pressure over the beveled part 
of the flap* 

Z. The normal-force coefficient for the beveled- 
trailin.^-edge flap v;as less than the coefficient for the 
plain-alrfoil-contour flap with the airfoil at the same 
angle of attack and the flap deflected through the same 
angle • 

3. The open gap at the flap nose gave the flap a 
tendency toward overbalance because of a decrease in the 
negative pressures over the upper surface of a dovmv/ard 
deflected beveled flap and because of a slight increase 
in the negative peak on the lower-surface bevel juncture. 

\. The size of the radius used to fair the bevel 
juncture appeared to have no appreciable effect on the 
pressure distribution developed. 

5. The results obtained from the pressure- 
distribution tests generally were in fair agreement with 
force-test results of a comparable arrangement. 

Langley Memorial Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Va. 
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APPENT-IX 



M^TFOD FOR CALCinLA^INO PRESSURE DISTRIBUTION OVER A BEVEL 
PROM TAB PRESSURE-DISTRIBUTION DATA 



VvTien an elevator, aileron, or rudder Is designed, 
the general practice is to use the total load over the 
surf ace • Motion pictures of tulged fabric on ailerons 
In high-speed dives indicate that the pressures along 
the chord should be used to determine hov^^ securely the 
covering must be fastened to the structural merrxbers. In 
the case of a beveled surface for v/hich a pressure peak 
occurs at the be vel jimcture , a study of the chordv;ise 
distribution might prevent a covering failure* A method 
for predicting the chordwise pressure distribution over 
a beveled surface without having to test it is advan- 
tageous, particularly as such a m.ethod supplements a 
method already established for predicting the hinge- 
moment characteristics. 

A method for predicting the ohordv;:i se load distribu- 
tion on the flap is described herein. Mo attempt is 
made to predict flap section hinge-moment coefficients; 
the hinge-moment correlation based on the included angle 
at the trailing edge (for sealed-gap condition) may be 
foimd in figure ISO of reference !« 

The bevel contour was developed (fig. 3 of refer- 
ence 3) by deflecting a 0.20cf. tab ±10^ and deflecting 
the flap slightly each v/ay to keep the tab trailing edge 
centered on the airfoil chord line. Inasmuch as the 
bevel profile was developed by using deflected-tab 
contours, it was decided to use tab pressure diagrams to 
estimate the pressure distribution of a beveled flap. 
Only the upper-surface distribution for a tab deflected 
downward and the lower-surface distribution for a tab 
deflected upv/ard are considered. It is necessary to 
correct these pressures by m^eans of Pg to allov/ for the 
small flap deflections necessary to keep the tab trailing 
edge centered on the airfoil chord line. The resulting 
diagrams (fig. 25) were integrated and found to give 
values of c^^^ that were in good agreem.ent with the 

bevel test data for flap deflections of 10^ and 20^ at 
values of of -O^T^ and h.^o (figs. 25(c), 25(d), 

25(g), and 25(h)). The valup. of c^^ based on tab 
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data was in general sonev/hat larger than the bevel test 
value . 

At the Gmaller flap deflections, the values of c^^^ 

from, tab data were generally much larger than from bevel 
test data but, from a comparison of the values with those 
for a plain flao in fi.p;ure 20, the estimated values were 
found to be closer to the bevel test values than to the 
plain-ri.ap value s . 

In order to use the present correlation method, it 
is necessary to have riressure-distribution diagrams for 
a flap and tab of the* desired chords • The tab chord 
should approximately equal the distance from bevel 
juncture to trailing edge. 

The included angle cf the bevel must be reproduced 
by the correct tab and flap deflections. These deflec- 
tions m.ust be fovnd in order thao the tab-deflection 
diagram may be chosen and corrected* The following 
equation gives the amount that the flap must be deflected 
to keep the tab trailing edge centered on the airfoil 
chord line : 

. i^bevel " ^airfoil 
.1 ct sm 

AOf = sin ' 

c.. - Ct 

v/here 

jZfv^^p-i Included angle at trailing edge of bevel (for 
which prediction is being made) 

0f,^vfn^^\ included angle at trailing edge of airfoil 
from tests of which flap and tab pressure 
diagram.s are to be used 

chord cf tab, percent airfoil chord 

Of chord of flap, percent airfoil chord 

With A6f>, iZ^bevel. and i?^airfoll ^^o\^^ the angle 
through v/hich the tab is deflected ±5t to reproduce 
the included angle of the bevel may be found by the fol- 
lowing equation: 

^bevel • ^^airfoil ... 
±5^ = Ao-f -f [ 1 ; 
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It TTiay he noticed in fignre 25 that the tab data used 
v/ere for 5t - ilO^ v/hereas equation (1) gives 
5^ ±3.k.O^. By using the diagrams for St - ^10^, the 
included angle v;as foiond to be 27*6^ instead of the 
correct value of 2^^; but, inasmuch as the correlation 
for the hinge-moment narametei'S based on included angle 
shows a change of 0.001 in the value of the hinge -moment 
parameters for a change of 2^ in the included angle, there 
could be only a slight change in the size or shape of the 
pre s sure d i agr am . 
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CRDIFATES CF L'^rj^ii^D ^^AOA OOO9 AIRFOIL 
I Stations and ordinates in percent of airfoil chord 



1 

! 


b t a u J, on 


Ordinate 




0 


0 




1.25 


±1.1^2 




2.5 


±1.96 




5.0 


±2.67 


¥AOA 00 09 






7.5 


±5.15 


airfoil 








10 


±5.51 


0 c? c T, J. 0 n 








15 


±k.01 




20 


±l+.30 




25 


^M- • 






4-1 1 — 0 




1.0 


±I;.55 
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60 


±5 




70 


+2.83 


Straight 


So 






±2.25 


portion 








9C 


±1.67 




ICO 


±1.08 


L.L 
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TABLE II 

SUmiARY OF CHARACTERISTICS OF PLAIN FLAP AIID BEVELED FLAPS 



Type 
of 

flar) 



Plain 



O.l'^Cr" 

bevel 



0.20cf> 

be x-'el 

0.15cf. 

be vel 
( small 
radius ) 



Gap 



Sealed 
0.005c 



Sealed 
0.005c 



\ 6 Of /, 



^^^%r!(Con-crol! (Control ^^^^^ An "^4 
j fixed ) free ) 



-0.0120 
-.0118 



-0. 0065 

-.0066 



0.093 

. 096 



Sealed 
0,005c 



Sealed 
0.005c 



-o.oo5li. 

-.0016 



-0.0068 

-.0055 



•0.0050 
-.0005 



0.0015 0.088 
.00^0 1 .082 



-0.0006I 0.092 



.0002 



.087 



0.0007 0.0«1 
.0030! .085 



0.066 
.066 



0.102 
.151^ 



0.087 
.089 



0.102 
.320 



-0.60 

- 



-0.56 
-.^7 



-0. 



•0.52 

-.1+6 



0,010 
.010 



0 . 026 
.059 



0.029 

.051;. 



O.02I1 
.051 



^nf-^ 



-0.151 
-.151 



-0.150 



.1I4.6 



-o.i6ii 
-.157 



0.059 



0.050 
.027 



J. 



0.051 
.029 



•0.151; 
-.1l|-2 



0.050 
.027 



0.022 



0. 003 
.006 



0 . 009 

.010 



0.008 

.007 
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NATIONAL ADVISORY 
ClIMMITTEE FOR AERONAUTICS 



Figure 1 .-/nsfa/lation of beveled - trailing- edge pressure - 
d/sfribuh'on noodel in NACf\ 4-by 6'fool vertical tunnel. 
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Fig. 2 
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Straight conhur from here" 
to Jbei^e/ec/ trai/tng edge 

Airfoil with .15 be\^el 



Gap sealed 
or ,005c open 




./5c^ be^et yvilh 
small radius 

(a) TyvO' foot' chord NACA 0009 a/rfo/l mode/ /vith a 
0.30c pla/h flap hay^/ng O.I5c^ and OZOCf be\/eled 
I railing edges. Dimensions are in percent of a/rfoit 
chord. 
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(6) Chord yvise loca lions of pressure or i fees on airfoil 
and on the flaps happing 0/5 Cf and 0.20 c^ he^e/s. 

/^Igure 2rDimens/ons and cfiordy\^ise pressure- orifice localions 
for A/ACA 0009 hek^e/ed-lra/ljng-edge pressure'disfrilbution model 
D/mensions and on fee loca /ions are /n percenl of Q/rfoil chord. 
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Fig. 4a 
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Fig. 4b 




1 



NACA ARR No. L4D03 



Fig. 4c 
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Fig. 5a 
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Fig. 9a 
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Fig. 10a 
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Fig. 10b 
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Fig. 24a 
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